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1. Introduction 
Considerable interest has been generated in the 
mechanism of action of photosystem 2 of chloroplast 
and cyanobacterial photosynthesis. One approach in 
the investigation of this problem has been the isola- 
tioff of preparations retaining activities associated 
with photosystem 2, in particular that of light-induced 
reduction of DCPIP using an artificial electron donor 
to photosystem 2 such as diphenylcarbazide. Such 
cyanobacterial preparations have been reported, 
derived from Synecoccus [ 11, Chlorogloea fritschii 
[2] and Anacystis nidulans [3], which exhibit broadly 
similar denaturing polyacrylamide gel patterns. How- 
ever only one method for photosystem 2 preparation 
which retains oxygen evolving capacity has been 
reported, using the thermophilic cyanobacterium 
Phormidium laminosum [4]. Here, we report a more 
rapid method of preparation of a cyanobacterial 
membrane fraction retaining oxygen-evolving capacity 
which we believe may be generally applicable to cya- 
nobacteria, to which the method in [4] is not. 
2. Methods 
Anacystis nidulans (Collection of Algae; UTEX 
625; University of Texas, Austin TX) was used for 
the majority of preparation method development, but 
Phormidium laminosum (strain OH-l-p. Cl 1.) and 
Aphanocapsa 67 14 (American-type culture collection 
no. ATCC 27178, the kind gift of Dr F. Joset- 
Espardellier) were also utilised on occasion. Anacystis 
Abbreviations: chl, chlorophyll; LDAO, lauryl dimethylamine 
oxide; DCMU, 3-(3,4dichlorophenyl)-1 ,ldimethyl urea 
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nidulans was grown in the medium of [S],Phormidium 
Zaminosum in medium D of [ 61 and Aphanocapsa in 
medium MM of [7]. Cells were grown to late log 
phase under conditions described for cyanobacterial 
growth [8] and harvested at 2°C. Cells were washed 
in 25% (v/v) glycerol, 50 mM CaC12, 50 mM Hepes 
(pH 7.5) (buffer I) and resuspended in this buffer to 
0.25-0.35 mg chl a/ml, with 0.1 pg DNase/ml added. 
This suspension was then passed through an Aminco 
French pressure cell at 150 mPA and centrifuged at 
8000 X g for 10 min. The pellet of unbroken cells 
and cell debris was discarded, the supernatant being 
recentrifuged at 100 000 X g for 45 min. This pellet 
of membrane fragments was resuspended in 25% (v/v) 
glycerol, 30 mM CaC12, 50 mM Hepes (pH 7.5) 
(buffer II) to 1 mg chl a/ml and LDAO added to a 
final concentration of 0.36% (w/v) (LDAO:chl a = 
3.6: 1). The mixture was incubated for 60 min at 4”C, 
with gentle stirring, and layered onto a lo-40% con- 
tinuous sucrose gradient in 10% (v/v) glycerol, 30 mM 
CaCl,, 50 mM Hepes (pH 7.5) (buffer III). This gradi- 
ent was centrifuged at 65 000 X g for 22 h and gave 
3 green fractions, namely photosystem 2 at a sucrose 
density of 22%, photosystem 1 at 38% and a green 
pellet. 
Chlorophyll a was measured as in [9]. Oxygen 
evolution was measured in a Rank oxygen electrode 
attached to an MSE spectroplus, using a 150 W or 
1000 W tungsten-iodine lamp for illumination with 
2 cm water as heat shield. Absorption spectra were 
measured on a Perkin Elmer 550 spectrophotometer 
and fluorescence spectra on an Applied Photophysics 
modular fluorimeter as in [lo]. P700 and cytochrome 
b-559 were estimated as in [2]. 
LDAO was a kind gift of Harshaw Chemicals, 
Glasgow G3 1 5JU. All other chemicals were of Analar 
grade wherever possible. 
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Table 1 
Purification of photosystem 2 
Thylakoids Photosytem 2 Photosystem 1 
Rate of oxygen evolution 
(pmol 0, . mg chl a-’ h-l) 60a 302a 32a 
P700 : chla 1:155 <1:400 I:125 
Cytochrome b-559 : chl a 11277 1:44b <I .2400 
a Using 1 mM potassium ferricyanide as electron acceptor, in buffer 1 
b Using potassium ferricyanide minus sodium dithionite; cyt. f and cyt. b-559 
high potential were absent as determined by 0.16 mM potassium ferricyanide - 
0.4 mM hydroquinone; cyt. b-563 was absent from the ferricyanide - dithionite 
measurements 
3. Results and discussion 
Table 1 shows typical rates of light-induced oxygen 
evolution of membrane fragments of Anacystis 
nidulans together with photosystem 1 and 2 fractions 
prepared as described. Although higher rates, up to 
900 Pm01 . mg chl-’ . h-l, of light-induced oxygen 
evolution were obtained, the results presented are 
typical average values. Oxygen evolution was substan- 
tially inhibited by DCMU, orthophenanthroline and 
lead in the photosystem 2 preparation (table 2). It 
was found that calcium in the preparation buffer was 
essential to the maintenance of oxygen evolution and 
could not be replaced by either magnesium or manga- 
nese, an effect also noted in [ 1 I] when preparing thy- 
lakoids from Anacystis nidulans. Further work is pro- 
ceeding on this observation. The enrichment of the 
photosystem 2 preparation with respect to cyto- 
chrome b-559 was comparable with the level of 
enrichment found for non-oxygen evolving prepara- 
tions from cyanobacteria [l-3]. 
A curious phenomenon was observed on occasion, 
namely that diluted preparations gave high apparent 
Table 2 
Effects of inhibitors on photosystem 2 
Inhibitor Rate of 0, evolution 
(pm01 0, . mg chl a-’ h-‘) 
None 302 
DCMU (40 PM) 88 
ophenanthroline (0.1 mM) 74 
WNO,), (100 PM) 25 
Conditions as in table 1 
176 
rates of oxygen evolution on a chlorophyll basis. This 
effect was not due to light unsaturation or heating, 
and the rates were inhibited by DCMU (table 3, col- 
umn A). However, these were preparations which 
exhibited low rates of activity at 10 pg chl/ml. More 
usual preparations did not show this effect, but gave 
an expected increase in rate with increasing concen- 
tration (table 3, column B), to give a constant activity. 
We interpret the apparent reversal of normal expecta- 
tions as a consequence of some preparation damage, 
and present the data as a warning that some dilute 
preparations with high oxygen evolution rates may 
not behave as expected. One possibility is that disori- 
ented chlorophylls may be more susceptible to photo- 
oxidative destruction, therefore showing a decreased 
preparation activity with increasing concentration. 
Fig.1 shows an absorption spectrum of the photo- 
system 2 fraction with a typical blue-shifted chloro- 
phyll peak at 672 nm (see [I ,2]) but also showing 
Table 3 
Effect of dilution of rate of oxygen evolution of (A) ‘poor’ 
and (B) ‘well-preserved’ photosystem 2 preparations 
Chla 
(fig/ml) 
0.48 
1.0 
2.0 
2.5 
5.0 
10.0 
Conditions as in table 1 
Rate of 0, evolution 
(Mm01 0,. mg chla-’ . h-‘) 
A B 
665 - 
439 0 
139 - 
_ 288 
61 340 
88 290 
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0.2 - 
no detectable phycocyanins [2] although a photosys- 
tern 1 preparation did so [lo]. 
Preparations from Phormidium laminosum were 
similar to those described from Anacystis niduZans. 
Difficulty was encountered with initial breakage of 
Aphanocapsa 6714, and we believe that this stage of 
the preparation is the limiting factor in the extraction 
of an oxygen-evolving preparation from cyanobacteria. 
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Fig.1. Absorption and fluorescence emission spectra of photo- 
system 2 preparation from Anacystis niduhs: (---) absorp- 
tion spectrum 10 pg chla/ml in buffer 2; (-.-) fluorescence 
emission, I pg chl a/ml in buffer 2, excited at 600 nm; (-_) 
fluorescence emission, 1 pg chl u/ml in buffer 2, excited at 
440 nm. 
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cyanin is contamination by free pigment or whether 
some remains bound is currently under investigation. 
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